Existing evidence suggests that there is no net synthesis of protein during germination of spores of some obligate parasites. The problem was reinvestigated with enzymatic hydrolysis, rather than acid hydrolysis or solubility properties, to estimate changes in protein and RNA. Procedures are detailed for the use of uniformly labeled I4C -uredospores for the isolation and quantitative assay of amino acids and nucleosides resulting from hydrolysis.
Nucleic acid and protein synthesis is a subject of interest as a control mechanism during the activation of the germination process in fungal spores. Spores of obligate parasites are of special concern since it is generally believed that net protein synthesis does not occur (1, 18, 20-22, 26, 27) during germination. This has led to speculation that in such organisms deficiency of some aspect of translation or transcription during protein synthesis results in the restriction of growth to germ tube elongation, instead of a continuing saprophytic mycelial growth. There has been successful cultivation of limited, slow-growing, vegetative colonies of rust fungi (32) . However, the procedures involved, and the limited success of these methods with some biotypes of rust fungi, do not eliminate the possibility that such cultures arise from mutants for saprophyte growth, rather than from the normal fungus populations occurring in nature.
Several lines of evidence suggest an impairment of protein synthesis during germination of uredospores of obligate parasites. Staples et al. found that incorporation of amino acids into protein fractions was much slower for obligate parasites than for saprophytic species (25, 26) . Similarly, increases in enzyme activity were not observed until 6 hr after germination, and the increases were not large (3) . Subsequent studies on trichloroacetic acid-insoluble nitrogen or nitrogen in cellular residues, after extraction of low molecular weight components (26) , indicated no significant change in protein nitrogen during the germination process. The principal evidence for a lack of net protein synthesis is the finding by Staples et al. (26) and by Reisener (18) that total amounts of amino acids in cellular residues ("bound" amino acids), and their amounts relative to each other, essentially are constant during germination.
In contrast, studies of protein biosynthesis in uredospores by Staples and co-workers (22-24, 34, 35) have resulted in the preparation of cell-free systems capable of amino acid incorporation. These cell-free systems do not possess unusual requirements for incorporation, and the activities are comparable with systems prepared from other microorganisms. More recently, Dunkel et al. (9) have shown that inhibitors of protein synthesis prevent germination and germ tube elongation, while inhibitors of RNA metabolism are not effective during the same period of time. During differentiation of germ tubes into infection structures, however, the relative efficiencies of these two classes of inhibitors appear to be reversed (9) . The available evidence thus is somewhat contradictory but suggests that there is a slow and quantitatively minor conversion of existing storage or inactive protein to other forms of protein, with little or no protein synthesis de novo.
Each of the above lines of evidence is subject to certain reservations. Although suggestive, the use of metabolic inhibitors (9) is not always reliable. Incorporation rates of exogenous amino acids into uredospore components are difficult to evaluate because of previous uncertainties about the amount and role of endogenous substrates and about the role of substrates which leach into the germination medium (7, 13) . In some cases low percentages of germination and the failure to break spore walls adequately for enzyme, protein, or RNA extraction raise procedural questions. In addition, data are not available on the extent of protein escaping into the germination medium (7) . Because of the low levels of amino acid incorporation in cell-free systems relative to protein synthesis in vivo, it is difficult to relate such data to the germination process. Finally, the techniques of protein estimation previously employed do not possess the necessary specificity for a definitive answer. The Kjeldahl procedures (25, 26) , or application of the Lowry procedure (3, 11) , may include nonprotein components in the analysis. Hydrolysis of cellular residues by acids and subsequent amino acid analysis (14, 18, 21, 25, 26) 8-hr period while the solubility in 50 EtMg increased from 1.3 jug/ml to only 5.1 ,ug/ml for the same time period. In 50 EtMg, the solubilities of adenosine, cytidine, guanosine, and uridine, and their mono-and di-phosphates, were greater than 200 ,ug/ml while the solubilities of the triphosphates were greater than 100 ,ug/ml. In view of these results, the residues were extracted with 80 EtMg and 50 EtMg before being subjected to enzymatic hydrolysis.
The use of enzyme hydrolysis for estimation of a major cellular fraction is not widespread; therefore, the following sections describe in detail the purification steps necessary to ensure that no components other than nucleosides of RNA or amino acids of protein were present in the fractions finally used for measurement of radioactivity. Data from one sample of uredospores after 5 hr of germination are given as an example, but the same procedures and controls were used for all samples analyzed. Although we were interested primarily in possible changes of protein, enzyme hydrolysis of RNA was carried out first in order to remove a major cellular component which might interfere with access of proteases to protein substrates. A flow sheet is given in Figure 1 .
Hydrolysis After centrifugation for 20 min at 10,000g, the supernatant fluids of both treatments were transferred to separate tubes, chilled at 0 C, made 50% with respect to chilled ethanol and 10-2 M with respect to MgCl2. Precipitates were recombined with the insoluble cellular residues, and the mixture was re-extracted twice at 0 C with 50 EtMg.
The clear supernatant fluids were dried at 40 C under vacuum and then shaken with 1.0 mg of crystalline 5'-nucleotidase (Sigma Chemical Co.) in 5.0 ml of 0.05 M tris buffer (pH 8.9) for 1.5 hr to cleave the nucleotides to nucleosides. The solutions were adjusted to give 50 EtMg, and the precipitated enzymes were removed by centrifugation. The supernatants and washings were reduced to dryness and redissolved in water. At each step, the control and enzyme treatments were assayed by radioactivity and by absorbance at 260 nm. Table I shows data from a sample of spores germinated for 5 hr. Treatment with diesterase (step 1) solubilized approximately twice as much material as buffer alone. During subsequent treatments, the amount of ultraviolet-absorbing material decreased in the buffer treatment but remained high in the enzyme-treated material. At least a part of the material present in the hydrolysate was a consequence of nonspecific solubilization, and further purification was required.
The solutions from the last step of the series outlined in Table   I were eluted with water from a 0.8-x 50-cm Bio-Gel P-2 column. Elution (0.4 ml/min) was monitored continually by absorbance at 254 nm (Fig. 2) . Two components, localized in the void (V0) and inner (VD) volumes of the gel, were common to both enzyme-buffer and buffer-only treatments and accounted for all the ultraviolet-absorbing materials in the latter. These components did not appear to be nucleic acid derivatives because they did not show typical absorbance spectra in either acidic or basic solvents, nor did they migrate with known nucleic acid derivatives during chromatography. They did show a positive ninhydrin reaction but were negative in the orcinol test (8) for pentoses.
Solutions from enzyme hydrolysis showed two additional ultraviolet-absorbing chromatographic peaks, one consisting of adenosine and cytidine and the other uridine and guanosine. An alternative procedure (28) , elution from a 1-x 100-cm column of Sephadex G-10 with 0.05 M sodium phosphate (pH 7.0), also separated the components corresponding to V0 and V1 in Figure  2 from separate fractions of guanosine, adenosine, and a mixture of cytidine plus uridine.
Nucleoside fractions isolated by either or both of the above procedures subsequently were separated by paper chromatography with t-butanol-methyl ethyl ketone-water-and ammonium hydroxide (40:30:20: 10). Scans for radioactivity and ultraviolet fluorescence showed four major compounds identified by cochromatography with adenosine, cytidine, uridine, and guanosine as standards. After elution from the paper, the ratios of absorbance at 250/260, 280/260, and 290/260, the spectral shifts in acid and base, and a determination of specific activities indicated purities of greater than 95%>G for each nucleoside.
Occasionally, chromatograms showed a trace of radioactivity at the origin as well as a small amount of radioactivity comigrating with known thymidine (less than 1% of the total radioactivity in the nucleosides). The latter probably came from breakdown of DNA and the small amounts of thymidine observed indicate that the other nucleosides isolated in these procedures came almost exclusively from hydrolysis of RNA. Accordingly, RNA content of the uredospores was determined by adding the total radioactivity of each of the four nucleosides after separation by the final step of paper chromatography.
Protein Hydrolysis. Any precipitates, or residues left after drying solutions, obtained during the above purification steps were added back to the original cellular residues. Three milligrams each of crystalline trypsin and chymotrypsin were shaken with RNA-hydrolyzed residue in 5.0 ml of tris buffer (pH 8.0) for 10 hr at 37 C. A control of buffer without enzyme was maintained under the same conditions. The precipitates obtained after centrifugation at 10,000g for 20 min were washed three times with distilled water, and the washings were added to the supernatant fluids. After boiling for 30 min, the precipitates of denatured enzymes were removed by centrifugation.
Since trypsin and chymotrypsin cleave most proteins to large soluble polypeptides, 3 mg of Pronase (Calbiochem), which con-verts 70 to 90%O of protein (15) to free amino acids, were employed to further degrade polypeptides. The enzyme was incubated in 0.05 M sodium phosphate buffer (pH 7.2) for 6 hr. The supernatant fluids were reduced in volume to 3 to 4 ml under vacuum at 40 C and then made 80/% with respect to ethanol to precipitate Pronase. After centrifugation the precipitates were washed with 80% ethanol solutions, and the solutions were reduced to dryness.
The residues were redissolved in 0.2 N HC1 and added to a 0.8-x 5-cm column of Bio-Rad AG 50-x 8 in the hydrogen form which had been pretreated with 0.2 N HCl. The same concentration of HC1 was used (2.5 bed volumes) to elute the neutral and acid components. Basic components were eluted with 200 ml of 0.2 N HCI in 10-ml fractions. Each fraction was tested for amino acids (ninhydrin) (19) , hexose (cysteine-H2SO4) (8) , and hexosamine (Elson-Morgan) (5 Two additional checks were made in order to determine if protein hydrolysis was complete. Pronase has a broader specificity for peptide bonds than does trypsin or chymotrypsin and was used to hydrolyze the remaining cellular residues after they (36) .
The low content of carbon cannot be explained by leakage (7) of spore constituents since analysis of the water used for removing self-inhibitor showed a total of only 101 ,ug of carbon per 100 mg of spores. Further, and in contrast to data with uredospores of Puccinia graminis tritici (7), only a small percentage of materials was found in the germination medium, particularly in the early stages of germination.
Changes in the ether-and ethanol-soluble fractions were similar to those reported previously for uredospores of P. graminis tritici during germination (7) . There was a sharp drop in concentrations of components of the ethanol-soluble fraction (sugar alcohols, organic acids, etc.) in the initial processes of germination, followed by a slower decline. The total amount of ethersoluble components did not change appreciably until germ tubes were elongating rapidly, although marked changes in individual fatty acids may have occurred (7) .
Free nucleotides in the ethanol-soluble fraction were determined after enzymatic conversion to nucleosides and separation by methods similar to those described under "Materials and Methods" for nucleosides from RNA. The concentrations of free nucleotides and the nucleosides derived from RNA did not appear to be altered significantly during the early stages of germination, although slight increases, especially in RNA nucleosides, were measured at some stage. At 24 hr, nucleosides in both fractions were much lower.
The percentages of individual nucleosides in the RNA hydrolysate did not change significantly with time (Table IV) . A purine/pyrimidine ratio of 1.50 was calculated, somewhat higher than the average value of 1.20 but not unusual (12) . Perhaps a more meaningful ratio (29) is the 6-amino-to 6-keto-ratio since most organisms have equal pairing of these two groups In conjunction with the failure of inhibitors of RNA to influence early processes in germination (9) , the constancy of RNA and free nucleotide concentrations shown in Table III suggests that RNA synthesis is not crucial in the germination process or in subsequent germ tube elongation. The constancy of the base ratios during germination may indicate that synthesis of RNA 2 Specific radioactivity = 475 cpm//ug of carbon. is slow, but no data are available for estimating turnover. In one report (26) , there was no net synthesis of RNA, although a later abstract indicated that some synthesis did occur (16 (Table Ill) except for the insoluble cellular residues, which continued to increase for the entire germination period. The increase undoubtedly is due to cell wall synthesis of the germ tube. Acid hydrolysis of the residues showed that ungerminated spores have polymeric mannose and glucose in ratios of 7.5:1.0, but as germination progresses there are increasing proportions of glucose. The general decrease in total radioactivity of the samples during germination most probably is due to loss of carbon via respiration.
However, some loss of material from the spore to the germination medium was observed (7) , especially at 24 hr. Because of the demonstration of enzymes of cell wall degradation (30, 31) It is possible to reconcile our data with some previous negative reports on protein synthesis. Earlier studies made comparisons with ungerminated spores and spores kept on solutions for 2 or 3 days, a time period when catabolic processes are evident. A lack of specificity in the Lowry procedure has been mentioned, and the Kjeldahl method for estimating protein must be corrected for the presence of glucosamine in the germ tube (26) . Measurements, by either method, of spore protein obtained by trichloracetic acid precipitation (25, 26) are complicated by the existence of trichloroacetic acid soluble protein bound to glucans or mannans (Ref . 33 and unpublished data) .
It is more difficult to reconcile our results with reports based on determination of total amino acids obtained from acid hydrolysis of spore residues from which free amino acids had been extracted. Staples (26) and Reistner (18) did not observe any change in total "bound" amino acids during the early (0-8 hr) stages of germination. The presence of amino acids in fractions other than a protein fraction is one possibility. Although the relative amounts of protein to RNA (Table III) argue against the idea, ungerminated spores poised for metabolic activity may have unusually large amounts of amino acids in ester linkages of "charged" tRNA. To check this possibility, 1.6 g of unwashed nonradioactive spores were broken and, after extraction with ether and ethanol (18) , RNA was extracted with phenol-water (50:50). After removal of phenol, tRNA was isolated from diethylaminoethyl cellulose with 1 M NaCl. After removal of salts, the tRNA was hydrolyzed in 2 N HCl, as was the cellular residue from the phenol extraction. The ethanol, tRNA, and residue hydrolysates were examined with a Hitachi-Perkin-Elmer KLA-3B amino acid analyzer. The data of Table VII (18) or in our studies in which 50 EtMg was used to wash cellular residues.
Some unpublished results suggest that protein-mannans and protein-glucans are not in the cytoplasm but may be part of the uredospore wall and germ tube wall, respectively. After enzymatic hydrolysis the remaining water-insoluble residues can be solubilized to the extent of 90% by treatment with 1.0 N trifluoroacetic acid at 100 C. Approximately 50 %, of the material consists of free glucose and mannose; the remainder appears to be either degradation products or complex polymers of unknown composition. The extraction procedures of Wynn and Gajdusek (33) for glycan proteins are similar (0.6 N trichloroacetic acid 1 Not completely separated from glutamine during elution. 
